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89 ITS2 —2R 45 M &R ABF] ; PNJ A N A5 #F R 8 3, & R ITS2.psbA-tH Fo matK /5] 3 T A e 55 570N
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Identification of Illicium verum and Its Adulterants by DNA Barcoding
ZHENG Mengdi, ZHANG Qi, ZHANG Han, WANG Xingjun
(School of Pharmacy, Xi’an Medical University, Xi’an 710021, Shaanxi, China)

Abstract: The ITS2, psbA-trnH, and matK sequences were used to identify lllicium verum and its adulter-
ants. The total DNA was extracted from [llictum verum , the original plant of Illictum verum, for PCR amplifica-
tion and sequencing. In addition, 80 sequences of 8 species of adulterants were downloaded from GenBank.
The standard ITS2 sequence was obtained by Hidden Markov Model (HMM ) annotation. According to the an-
notations of the same species in GenBank, standard psbA-trnH and matK sequences were obtained. MEGA
was used to calculate the G, C content, sequence lengths, and intraspecific and interspecific genetic distances
and build the neighbor-joining (NJ) tree. The secondary structure of ITS2 was predicted by ITS2 Database and
4Sale was used to align the sequences of both primary and secondary structures. Finally, ProfDist was used to
build a profile neighbor-joining (PNJ) tree based on genetic distances. The results showed that the interspe-
cific genetic distance between [llicium verum and its adulterants was significantly longer than the intraspecific
genetic distance. The phylogenetic tree showed that Illicium verum branched independently. The ITS2 second-
ary structure varied between species. The PNJ tree had higher resolution than the NJ tree. Although ITS2,
pshbA-trmmH, and matK sequences can accurately distinguish /llicium verum from its adulterants, the maiK se-
quence did not present an advantage in distinguishing species of the same genus. Therefore, the DNA barcod-
ing based mainly on ITS2 and psbA-trnH and supplemented by matK was recommended for the identification
of lllicium verum.
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AVl S VAV BN = NN | T A
SR N Z 44 06 DT AR A iy (7 75 LA
TN, N\ fa =z 44 BB RO 1 (AR R JFORT, KT
T ih H R R ARAL B G AR [CAR I 7 ), KORHZ AL 7
I RO AN =< R R B 7 W T AN Py eyl BN (61D WA
T 7 1 20 ko (e N RS RTE 25 1) 2020 ROV AE | 24
BN T A Hlicium verum R F AR 22 FBHE Y1\ A 15
Z (Hlicium verum Hook. £.) B4 il R 52 B 1R B
BIE HAURIR E AT, FH T 90 M M | O
ST RN T R AN < T R (Bl = I8 Tk S ]
M EAE R 2B, IR e P S D A, AR
ISR THT I, A2 i Tt i ML R Tl ) i i
Bho SR AR AKS AT HEAE R T K H AR RS,
I\ T30 TR R 4B S b i AR, 8 m] R T
AT, PO 2 IR B e e PSS R AR
WP VR O MR HE B A S RIS, A T A
W [ AR IS0 2 A FV %, 3R\ A T A
AT 85% LA b, SRt —— A RE R LE 7= Fi 4
HE A A G E S8 R, N\ T R RS
Wl JF A8 TR

JN ST UL S R AT £ T ([licium henryi
Diels.) \ZL. #5161 (Nllicium lanceolatum A. C. Smith) B} /\
i (Lllicium simonsii Maxim.) K\ (lllicium majus Hook.
f. et Thoms.) JE 75 /\ff (Illicium ternstroemioides A. C.
Smith) . 2146 /\ff (Illicium dunnianum Tutch.) . & 15\
i (Illicium arborescens Hayata)%ﬂfﬁfﬁ‘(ﬁ’. vulgare Mill. )it
HE WH R RZA T, F e 4L & A M. KE

ARAR B BT FR A 5 5\ T e UL R Sy TR
ST Ay 1 i A LT R 1

TR EY RN E T IZ N, matK 1TS2 .pshA-
trnH 8553 FARICTEAE Y b 0 0 FH 0 A B 4 K121,
HITS2 RPN, KA T RS RS
KB B BIRE g1, RS B R 6 (compensatory
base changes, CBC) M — 2 2844 v Bie X ik Y
AR I3 BT s A% I B AR AT W Y 22 S, 70 R T R A )
AR REAR G 3 DX 73 b Jo 5 FR S0, A IRt 2 B b
B FE R (hemi-compensatory base change,hCBC),
RIVEC XS BT AL —J7 K HE 97, NS A3 A T
— B EC XS R ERPIR AT, X ITS2 R EE R
Foft 5 531 54 7 TR e 32 3 AT TR O T

ARTEFTH A ITS2  pshA-trnH 1 matK FF 3 s 14
RS | 9454  \NJ (neighbor joining) # 1 PNJ (profile
neighbor joining ) B 55 AN 1] J2 YOG /\ A 11 7 S 5 T i
HEAT S, LIS by /\ A 1 7 1) 22 A B A S0 P e

1 MRl5FE=%
1.1 #E

ORI E SRR ASETHE AN R ONEAR: TN VAN
i RO AY NS & AN AW VA I RV =< B I S
9 W Fh 89 45 ¥ 41 (ITS2:32 45, psbA-tnH: 27 4%,
matK:30 %) . J\SfI1E 7 2508 0 BE AR )\ A A ok
JET TV EAK, TEARME B LR 1 PR iR p k278
LR 2E B2 B A A B BB S e A
F-80 “CrkA .
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Table 1 Sample information of Illicium verum and its adulterants

I3 TARid Wi BT %44 A F5/TH)S
ITS2 IS 7 1. verum JPEE A BJHX1,BJHX2 ,BJHX3
FANE R L henryi GenBank KP689715.1 . KP689714.1 . KP689713.1 \AF163725.1.,JQ003481.1
LT BE I. lanceolatum GenBank KF022354.1 \KF022353.1 \AF163726.1 .KP689716.1
B\ 1. simonsii GenBank KP689736.1 .KP689735.1
KN 1. majus GenBank KP689719.1 .KP689718.1 .KP689717.1
JE A\ S 1. ternstroemioides GenBank KY523599.1 . KY523598.1 . KP689727.1 . KP689726.1
2148\ fh 1. dunnianum GenBank AF163731.1.,GU354243.1
EREVN:E 1. arborescens GenBank KP689725.1 \AF163723.1 ,0K173852.1 ,0K173850.1 ,0K173844.1
THIF F. vulgare GenBank HQ377213.1 ,HQ377212.1 \HQ377211.1 (HQ377210.1
psbA-trnH AT RS 1. verum JUVEEA BJHX1,BJHX2 ,BJHX3
EAN TR 1. henryt GenBank KP690043.1 . KP690041.1 . KP690040.1 .KP690039.1
Fak Ak I. lanceolatum GenBank JQ003534.1 . KP690044.1
5\ 1. simonsii GenBank KP690066.1 . KP690065.1 . KP690064.1 . KP690063.1
KNS 1. majus GenBank KP690047.1 .KP690046.1 . KP690045.1
JEE B T I\ S I. ternstroemioides GenBank KP690056.1 . KP690055.1 . KP690054.1
AARIVAN | 1. dunnianum GenBank JQ003545.1.JQ003544.1
[ERCIAN::| 1. arborescens GenBank KJ687360.1 .KP690053.1 . KP690052.1
H F. vulgare GenBank MG947083.1.GQ435314.1 .GQ435313.1
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Continue table 1 Sample information of Illicium verum and its adulterants
SrfhRid Yk 2 T 2% E 3 T IT G
matK VAN Tk 1. verum JUUEEM BJHX1,BJHX2 BJHX3
AN 1. henryi GenBank MH659404.1 \MH659314.1 . KP689824.1 . KP689823.1 .KP689822.1
A=Al L. lanceolatum GenBank KF022420.1 \.KF022419.1 \HQ427283.1 ,.KP689825.1
LiAN:S 1. simonsii GenBank KP689847.1  KP689846.1 .KP689845.1 . KP689844. 1
KIS I. majus GenBank KP689828.1 . KP689827.1 . KP689826.1
JER TN L ternstroemioides GenBank KP689837.1.,KP689836.1  KP689835.1
ANl 1. dunnianum GenBank J0003505.1.JQ003504.1
HTE )\ fh 1. arborescens GenBank KP689834.1 . KP689833.1
S F. vulgare GenBank KP149520.1 JN894477.1 . JN894262.1 ,JN894229.1
12 Jrik FEYIH S DNA
1.2.1 HEYFEAUESR S DNA $#H 122 XA 0§ 5% X S 1Y (polymerase chain reaction,

W00 FH B AT 8 K, ) 75% O mdgedlp ik
FI R i . BUZ 150 mg APRFF 1.5 mL K
P T I A AT R R TERASME T H
KR /N BB EE AR )R RE A R IR o # IR DP320 4
PSP 2 DNA 2 U0 65 Ud B 5 45 VR S 0\ S il

PCR) 14 7 A 1E

X5\ 18] A Y)Y 1TS2  psbA-trnH Fl matK 5 4]
HEFT PCR 4734, )7 519 34519 PCR %44 L% 2. PCR
Wy eh A6 5T SRR VG AR MR AT BR 2 ] 58 L Sanger 1
¥, B AT R 3 RINY . i Contig Express #{f:

&2 SlMFIIRIEE PCR ¥ &R

Table 2 Primer sequences and corresponding PCR amplification procedures

PCR 5141 (10 pmol/L)

PCR R Ni&F (25 pL)

PCR S F£ 7

ITS2 F:5'-ATGCGATACTTGGT GTGAAT-3’
ITS2 R:5"-GACGCTTCTCCAGACT ACAAT-3’

psbA-tmmH F:5'-GTTATGCATGAACGTAATGCTC-3'
psbA-trnH R:5"- CGCGCATGGTGGAT-TCACAATCC -3’

DNA Bz 1 pL. 51% F
(10 pmol/L) 1 pL 514 R
(10 pmol/L) 1 wL .DNA BE
2XTaqmix12.5 wL.ddH,0

94 °C 5 min.94 ‘C 305,56 'C 305,72 °C 45 s fGH
40 %X .72 °C 2 min. 16 °C 59 min
94 °C 5 min .94 °C 1 min.55 C 1 min.72 °C 1.5 min.
PEFF 35 .72 °C 5 min. 16 °C 59 min

#MITE 25 pL

matK ¥:5'-CGTACAGTACTTTTGTGTTTAC-3'
matK R:5'-ACCCAGTCCATCTGGAAATC-3’

94 °C 5 min.94 °C 30 5,56 °C 305,72 °C 1 min JHFF
40 ¥X.72 °C 5 min. 16 “C 59 min

FBRBEEIT NI WG 5 | 4 X, A e ) 06 L A 7 A
TALIE , 245 8 28751
1.2.3 FPANRAT O 8 A X

M€ [ AR Y B R A5 B e (National Center
for Biotechnology Information, NCBI) Nucleotide B g
(https://www.ncbi.nlm.nih.gov/nucleotide/) N2k 8 b
A3 B BEMY 1TS2  psbA-trnH #1 matK J7 51, #] ] BLAST
T Re T 5 bR v] By 41, JL3RAT 80 25741, Ao e Iy
S50, B T v 1 BT 2 43, T R A AT
B VAL o T BIARF41)E [ S AE 1TS2 Da-
tabase (http : //its2.bioapps.biozentrum.uni-wuerzburg.de/)
o3 F R S R 7] R ALY (Hidden Markov model , HMM)
Xt B IR EAT 3 A, 2K BRI 51 W ) 5.8S A 28S FE A
DX, ARAFARIE R 1TS2 FE K [E] B X ¥ 51 o 53 4k, 4 F 4%
JIE A e 91 3% [8) 0 7 77 9 AR 95 GenBank %4l i 7] )&
VAP psbA-tnH IVERE, 2587 50 W0 i (1) psbA F1 ernH
FEDH IRAGARE psbA-tmH FEP A FRIX . [H]F KR
T A5 7 80 3 [y 7 50 AR GenBank %54 2 v [\
FHOA maK W TR RSP HER) maK B FIH

Clustal Omega (http: //www.clustal.orglomega/ ) 7t £& X -
XFTA ITS2 .psbA-trnH Fl matK J¥ 50 47 XA IE o
1.2.4  JFH5HT AL BT S NI A i
R MEGA 11 A 534 e i As e 81, G-
G.C & PR A SR S P S AHIER B . BT
K2P (Kimura 2-Parameter ) 5 5 115245 Wy F (1) Fb py |
[l AL P M NI R GER R, Bootstrap 1 000 YK HE
R L o S5 W A= N DL G
1.2.5  1TS2 & B & PNJ ARS8 % & #A ad
FIH 1TS2 Database T 45 4 Bl 1) 1TS2 = 44 4%
g, AJeA— AR A SRS R RS AR F BT A B
RHEIBE A SR 4Sale 1.7.1 BF it 47 FUXT , #
FEX U B 25 5 A ProfDist 0.9.9 B 1 35 T 25 A A4
PNJ R4.% E MW, Bootstrap 1 000 YK & K5 56 5> % R 40
RERITTEENE

2 ZER5H5H
2.1 JPHVRRIE K25 540
W I FF 3545 B9 1TS2 ., psbA -trnH I maiK %) 78
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NCBI $ 45 2 v 47 BLAST, AR U1 F5e 57 B4 e 370 4 g
BB R R NS i B Lllicium verum Hook. f.o /\ A 1o &
K I 1 1TS2 . psbA-trnH Fl matK J37 31 2% 53 530 Bt
W3,

£3 \AEERESERMN ITS2.psbA-trnH F1 matK £ 57
S
Table 3 Comparison on ITS2, psbA-trnH, and matK sequences

of Illicium verum and its adulterants

%H ITS2 psbA-tmH  matK
X 55 bp 241 407 883
JIA SR R ST 55, 148 144 417
o (A5 (61.41%)  (35.38%) (47.23%)
JITAT S e v 8 A7 0, 93 263 466
B (Esr ) (38.59%)  (64.62%) (52.77%)
FTAT R I R 2915 B 93 263 466
DS (EH 4 L) (38.59%)  (64.62%) (52.77%)
FTA A3 2R Y [ T 7 0 0 0
B (E )

Wide oo

aman (|

U S~ KA

JR R T\ S

VL S

M 3 ATAL ANFEFAY 1TS2 51K B 7E 210~
228 bp 2 [a], Hor 5 iz B /\ A F1\ A T 40 0l A e
K 0 & L08R R\ B/ TS K JE
[F2h 225 bp, Z T WX FFIH BN 241 bp, BRIE L
A NFASN NS 5 H TR S P S B R 5 A
AN ITREE G.C BTN 54.63%~60.95% , {457 (i
MZHENTE 135 bp 4b 78 77 RN 2905 A7 s 24
HIZE 90 bp &b, A A7 s5NECk 00 A8 A7 s MR 2905
AL R 93 4>, WA psbA-tH J7 51173
KRR 367 bp, HEXTJE KA 407 bp, “FHEIIEE G.C
TN 31.44%, A DR matK ¥ 50K
777 bp, /N A B matK FPA B 48 731 bp, 741
B2 G.C it ZHENTE 36% At
22 wHEEEE ST

I\ Tl A 5 H D TR S s A B R DL IR 1

& T AT, o3 2R A D st A% B S HR R 0.
SN S BT\ RR RS A R B 0.01, /N T A

EANG
1.165

i

C

A

L S

A. FETF 1TS2;B. psbA-trnH; C. matK.

B1 NAEES5HESRMANEEESSS

Fig.1 Genetic distances of Illicium verum and its adulterants

T A 55 HA 5 TR ol 5 BB\ A 0 ) 5 RS e A /A R AT
VYA INEREVAS B 3 ReD =Y AN £ | EA W WAN - £
ITS2 Fift 6] 35 4% BE 25 344 0.005 ; 5] & By i 1TS2 Fifi i)
A I B LA . R, A\ i S =GR
psbA-trnH [ 358 1% 2 2 35 3 K 1TS2 4% ] 35 1% B
B, Hod U A S5 e A A R R psbA -t H 35 4% 1E 2
/R 1,048, 5540, &5 H S RS mak
o I 35 A B, s A, o ] g/ INATE A 5 T A ) st
TS 1147, )\ 15 7 5 H [R] &8 S5 18 5 1Y) madK Fi[E]
WL R B A TP 1163, {EUIC At [R) J $ ol v A i) B 5 42
FRAE 0.001, Hitk,3 Fl DNA 58 A 24 a] 5\ A i 7
SH SR SN AL I B K B IX 43
2.3 AN

FETAITS2 JFA (— 2549 ) Tl ITS2 — 4545 —
P E A AR, o BRI EE NT R PN R4 K & W45
HILE 2,

FH & 2 AT, 78 NJ SRR e, A DA 2R

—32; [FRHE 2 1 i LR — K3 R &\ M 5204k
IR N — 3, 3X 5 R a] st A% PR 2 AH A — 20 KO\
VBN BN R —/N . TE PNJ #EE
o, A KOS R —/ DR SR MR
— AL A AR A R — /N R IR — K
LIAE\ S BT\ R S — 3 R A AR —
Ko HULTTAR,ITS2 A LAMERR A 5\ A A 5 H 5 1R
O R Ol T AN = £ = O S DA SR 3 1IN = )
ST 35 IR A /N BTSN R —/ N OE HR
R—R3 ., WE 2D s, N A R
LR A — R340 m B M KU RN
B NI — K3 ZE E TR ITS2  psbA-

trnH Ml matK 77538 T X 50\ A n &5 H SR .
2.4 ITS2 R HT

FITAT 4325 E 0 1TS2 R4 WK 3,

&L 3 AN, BT 3 2 Y 1TS2 R 45 1) 5 i
ARG« —BRPUREE" (1 AU BRAT 4 AN 8E X)) JE 45, H:
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AF163725.1 llicium henryt
JQO003481.1 Illicium henryi
KP689713.1 Illicium henryi
KP689714.1 Illicium henryi
KP689715.1 Illictum henryt
KP689716.1 lllicium lanceolatum
AF163726.1 [llicium lanceolatum
KF022354.1 Illicium lanceolatum
KF022353.1 lllicium lanceolatum
KP689719.1 Illictum majus
KP689718.1 Illicium majus
KP689717.1 Illicium majus

KP689735.1 Illicium simonsii

KP689736.1 Illicium simonsii

KP689726.1 Illicium ternstroemioides

KY523599.1 Illicium ternstroemioides

KY523598.1 Illlicium ternstroemioides

KP689727.1 Illicium ternstroemioides

AF¥163731.1 Illictum dunnianum

GU354243.1 lllicium dunnianum
KP689725.1 Illicium arborescens

AF163723.1 Illicium arborescens
75 OK173852.1 Illicium arborescens
75 OK173850.1 Illicium arborescens
75 0K173844.1 Illicium arborescens

BJHX1

76

BJHX2
53
\3‘: BIHX3

HQ377213.1 Foeniculum vulgare

HQ377212.1 Foeniculum vulgare

100 HQ377211.1 Foeniculum vulgare

100 HQ377210.1 Foeniculum vulgare
— DQO006273.1 Prunus persica

—_

00

100 —— DQ006272.1 Prunus persica

035 A¥163723.1 Illicium arborescens
24.64 —— KP689725.1 Illicium arborescens

30.100

734 0K173844.1 Illicium arborescens
3. 69 0 0K173850.1 lllicium arborescens
- OK173852.1 lllicium arborescens

52 AF163725.1 [llicium henryt
10,51 ——JQ003481.1 lilicium henryi
- KP689713.1 Illicium henryi

20.48
2156 KP689714.1 Illictum henryt
- KP689715.1 Illictum henryt

22.64 AF163726.1 lllictum lanceolatum

2.
11.98 28 KF022353.1 lllicium lanceolatum

KF022354.1 [llicium lanceolatum

25.42

KP689716.1 Illicium lanceolatum

373 KP689726.1 Illicium ternstroemioides
15.73 —— KP689727.1 Illicium ternstroemioides
- KY523598.1 Illicium ternstroemioides

29.24

18.73 KY523599.1 lllicium ternstroemioides

BIHXI
o BIHX2
: BJHX3

28.3

26.29 =57~ KPO8OTI7.1 [llicium majus
14.97 . KP689718.1 Illicium majus
27.28 . KP689719.1 Illicium majus

3 KP689735.1 Illicium simonsii

KP689736.1 Illicium simonsii
= AF163731.1 lllicium dunnianum

13:100 GU354243.1 Illicium dunnianum

|:5 100 DQ006272.1 Prunus persica
——DQ006273.1 Prunus persica

19.100 5100 HQ377210.1 Foeniculum vulgare
13.100 HQ377211.1 Foeniculum vulgare
- HQ377212.1 Foeniculum vulgare

HQ377213.1 Foeniculum vulgare
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Fig.2 Phylogenetic trees of Illicium verum and its adulterants
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Fig.3 ITS2 secondary structures of Illicium verum and its adulterants
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R T g I R [R] B A5 (] R S5 M A R 25 5,
Z5 RERIMAENI NI AR L BT AR
MR/ \ME T, BRE A E NG AN, A
ZERR I O B | B BN S T O AW WA I T
JEH 1AW, HALYA 2 R, BT R K,
WL 1 3 6 MASE, RN R Z , Hib K2 Ha
ANNER, BNV ENIRECL B 3 RS, KEWA 24
W, WA MARA KA RE . AR, MR
WAERE I I, HOBRETAE /\ S i SRR T AV IV 2 8]
Ab, HAb R e R AR I 22 8] . AT /\ A T 7 i 7
FERE T FVE IV Z 8 — B o W E 1Y) st 4548, FLiE
B0 ITS2 R EEH L/ \ AR R R . 73 ah, &
il — G 2540 0] ) 22 S R PR B ZE 3R KN R B e
T 8] e LR/ A B T T . CBC A A 4e it
gRER, N\ fAEMFSAEFEFNVXAEAE 14
hCBC, SZL 8788 11 X HAT 1 4~ hCBC. Zf L Frik,
ITS2 JP A G 2584 0 4y F I 285 25 57 0T LA IX 43 /\ S
HIE S5 HE R

3 e E%ie

AHFGE 43 HT AL T 1TS2 . psbA-tmH Al matK 557K
Tt A A SO G TR B R B B R AR EW .
PSR ST I, 45 R IX 3 Bl DNA BB REIX 4
TS A 5 H SR A TE )\ 8 [F] )& 5 1R 1 X
gr b matK ZIGA IR o BRI, AR F 5% e 440
ITS2 I psbA-trnH J3 51 4 5 DNA 5B 65, matK ¥
G Ry %l Bh S5, 3 /A 18 A B S TR DNA
ESIZLT Sl

iR AN S NS 7 IR PN R B oy N T =
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